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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows t h e worc j w hich can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of a gas barrier property film 
excellent in a gas barrier property film especially oxygen barrier property, and/or steam barrier property. 

[0002] 

[Description of the Prior Art] Conventionally, what coated thin films, such as what carried out the 
laminating of the aluminum, a thing which coated polyvinylidene resin and the poly vinylidene 
polyacrylic acid copolymer resin, or SiOx, on [ various ] the film as a film excellent in gas barrier 
property is known. As the manufacture approach of a gas barrier property film of having made thin 
films, such as SiOx, forming among these, approaches, such as vacuum deposition, sputtering, ion 
plating, and reduced pressure plasma CVD, are mentioned on [ various ] a film. As the desirable 
manufacture approach of the oxidation silicon thin film to the high polymer film top by the vacuum 
deposition method, a metal is heated, the reaction vacuum deposition made to react with oxygen, the 
electron beam vacuum deposition which makes oxidation silicon the source of vacuum evaporationo 
with an electron ray, silicon, or oxidation silicon is heated by the gaseous phase, and there are oxygen 
and electron beam reaction vacuum deposition made to react by the gaseous phase if needed. Moreover, 
the approach of using as inorganic oxidation silicon by introducing the organosilicon compound of a raw 
material into the plasma as the manufacture approach of the gas barrier property film by the reduced 
pressure plasma-CVD method is learned well. Specifically, a tetra-ethoxy silane, methyl triethoxysilane, 
hexa methyl disiloxane, a tetramethoxy silane, a methoxy trimethyl silane, a tetramethylsilane, a 
triphenyl silane, hexa methyl trisiloxane, tetra-chlorosilicane, TORIKURORO methylsilane, 
trimethylchlorosilane, dimethyldichlorosilane, dimethyl chlorosilicane, etc. are mentioned as an 
organosilicon compound used as a raw material at this time. 
[0003] 

[Problem(s) to be Solved by the Invention] Among the aforementioned conventional techniques, in 
order that each approach by vacuum deposition, sputtering, or ion plating may use a solid raw material, 
its operability is bad or it has the trouble that a raw material is expensive and economical efficiency is 
bad. Moreover, since the vacuum facility for reduced pressure needs to be required since any approach is 
the vacuum process which requires the high degree of vacuum of 10 to 1 or more Torrs, or it is 
necessary to secure the seal nature corresponding to a degree of vacuum, there is a trouble that facility 
cost (initial cost) and a running cost are high. This invention solves the trouble of such a conventional 
technique, and it excels in oxygen gas barrier property and steam barrier property, and transparency is 
also high and it aims at offering the manufacture approach of a gas barrier property film that the gas 
barrier property film of the quality stabilized further can be easily manufactured with sufficient 
operability in the process under the atmospheric pressure which does not need an advanced vacuum 
facility. 
[0004] 
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[Means for Solving the Problem] This invention is the manufacture approach of the gas barrier property 
film characterized by making the thin film which uses as a principal component the oxidization silicon 
expressed with SiOx (x=l. 0-2.0) form in a 20-150-degree C temperature region on a high polymer film 
by using as a raw material the organosilicon compound which is a liquid with the CVD method using 
the plasma generated under the pressure of 600 - 1520Torr. 

[0005] as pretreatment for removal of the dirt matter which preceded making the thin film which uses 
oxidation silicon as a principal component form in the approach of this invention, and adhered to this 
high polymer film front face at the high polymer film, and surface-activity-izing ozonization, 
ultraviolet treatment, corona discharge, Ar, helium and N2, and 02 etc. the plasma treatment under a 
single or a mixed ambient atmosphere -- independent - or it is desirable to combine two or more sorts 
and to give. It is 02 especially. Plasma treatment is suitable. Moreover, after making the thin film which 
uses oxidation silicon as a principal component form, it is 02 as after treatment. Oxidation of an 
unreacted raw material can be promoted and the presentation of the coating film can be made to equalize 
further by performing plasma treatment. 
[0006] 

[Embodiment of the Invention] In the 20-150-degree C temperature region used in the approach of this 
invention as a raw material of the coating film which has gas barrier property, with the organosilicon 
compound which is a liquid The compound which is a liquid at least in the part within the limits of 20- 
150 degrees C is meant. As an example of a concrete compound, a tetra-ethoxy silane, methyl 
triethoxysilane, Hexa methyl disiloxane, a tetramethoxy silane, a methoxy trimethyl silane, Although a 
tetramethylsilane, hexa methyl trisiloxane, tetra-chlorosilicane, TORIKURORO methylsilane, 
trimethylchlorosilane, dimethyldichlorosilane, dimethyl chlorosilicane, etc. can be mentioned There is 
hexa methyl disiloxane (HMDSO:C6 H180Si2 : 100 degrees C of boiling points) as a desirable 
compound especially. 

[0007] As an example of the high polymer film used as a base material by this invention, polyethylene, 
polypropylene, polyethylene terephthalate, nylon 6, Nylon 66, polyvinyl alcohol, etc. are mentioned. An 
additive, for example, a plasticizer, an antistatic agent, lubricant, an ultraviolet ray absorbent, etc. may 
be contained in these high polymer films. 

[0008] Next, the general manufacture approach of the gas barrier property film by the approach of this 
invention is shown, formation of the thin film according to a plasma-CVD method by the need first — 
preceding - the inside of a vacuum housing — a high polymer film — corona discharge treatment, Ar, 
helium and N2, and 02 etc. - plasma treatment to depend is pretreated and removal of the dirt matter of 
a high polymer film and surface activation are performed. By this, the adhesive property of a high 
polymer film and the coating film can be raised. Processing conditions are 02 which is the most general 
approach although what is necessary is just to set up optimum conditions about each art, respectively. 
The standard example of plasma treatment is shown in Table 1. 

[0009] Subsequently, coating is performed to the high polymer film which pretreated as occasion 
demands by the atmospheric-pressure plasma-CVD method for supplying inert gas, such as Ar and 
helium, as carrier gas, and performing the aforementioned organosilicon compound under the 
atmospheric pressure of 760**1 OTorr, or the pressure of the near preferably 600 to 1520 Torr, and the 
thin film which uses as a principal component the oxidation silicon expressed by SiOx (x= 1.0-2.0) on a 
high polymer film is made to form. 

[0010] The atmospheric-pressure plasma-CVD method in the approach of this invention is an approach 
of impressing alternating current electric field between the discharge electrode connected with AC 
power supply through a matching box, and the roll mold electrode which serves both as an earth 
electrode, using the atmospheric-pressure plasma treatment equipment which can generate glow 
discharge under the atmospheric pressure of 600 - 1520Torr, or the pressure of the near, and making the 
gas barrier property coating film forming in a high polymer film front face with sufficient operability 
simply. Said discharge electrode is what covered and formed the dielectric in the conductor front face, 
and is aluminum 203 as a dielectric. It is suitable. 

[001 1] The 20-130nm of the thickness range of 5-200nm of the thin film which uses as a principal 
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component the oxidation silicon which is the gas barrier property coating film is 40-60nm still more 
preferably preferably. If the gas barrier effectiveness of thickness exceeds 200nm in less than 5nm rather 
than it is [ and ] enough, it will become easy to produce a crack on a front face, and barrier property will 
fall to it. 

[0012] Furthermore, it is 02 as after treatment after formation of the thin film by the atmospheric 
pressure plasma-CVD method. Oxidization of an unreacted raw material can be promoted and the 
presentation of the coating film can be made to equalize further by performing plasma treatment. The 
standard conditions of pretreatment in this invention, coating processing, and after treatment are shown 
in Table 1 . 
[0013] 
[Table 1] 



x e 


BE fi 
( Torr ) 


( sec ) 


( t ) 


( ml/min ) 


( f ) 




600 
-1520 


0.1 
~10 


10 
-40 


0, :2~30 
He: 500-3000 


20 

-500 




600 
-1520 


1 

-5 


10 
-40 


0, :2-30 
He: 500-3000 
HMDS0: 0.2-25 


20 

-500 


mm 


600 
-1520 


0 

-10 


10 

-40 


0, :2~30 
He: 500-3000 


20 

-500 



[0014] 

[Example] An example explains the approach of this invention still more concretely below. 
(Example 1) Drawing 1 is the explanatory view showing the outline of the atmospheric pressure plasma 
treatment equipment for enforcing this invention approach. The testing device of the format shown in 
drawing 1 by making a biaxial-stretching PET (polyethylene terephthalate) film with a width of face [ of 
150mm ] and a thickness of 30 micrometers into a specimen was used, the coating film was produced on 
condition that Table 2, and the performance evaluation was performed. The produced sample is ten 
kinds of sample No. 1-10 shown in Table 3. 
[0015] 
[Table 2] 
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( Torr ) 


( sec ) 


( x: ) 


( ml/min ) 


( W) 


mum . 


760 


1 


30 


0,: 10 
He: 2000 


200 




760 


1~5 


30 


02 : 5~20 
He: 2000 
HMDSO: 5 


50 

~300 


Ml 


760 


1 


30 


0,: 10 
He: 2000 


200 



[0016] A trial equips with the base material film 16 which processes on the film advance roll 9 of the 
equipment first shown in drawing 1 , and fixes a film edge to the film rolling-up roll 10 through the roll 
1 1 for tension adjustment, the roll mold earth electrode 4, and the roll 1 1 for tension adjustment. After 
adjusting the distance of a discharge electrode 3 and the roll mold earth electrode 4 (a cooling system is 
an illustration abbreviation) cooled with cooling water so that the distance in each part may become 
equal at 0.5-2 0mm, the inside of a chamber 5 was exhausted to 0.1 Torr extent using the vacuum pump 6 
for exhaust air. Subsequently, it introduced until it became atmospheric pressure from helium gas 
installation tubing 17 about helium gas in the chamber 5. 

[0017] Drawing 2 is the enlarged drawing of the plasma treatment section of the atmospheric pressure 
plasma treatment equipment of drawing 1 . As shown in drawing 2 , a discharge electrode 3 is the 
structure which covered with the dielectric 20 the front face of the conductor 19 inserted into the 
insulator 21, and the slit section 22 which is made into the configuration which curved along with the 
roll mold earth electrode 4 so that an inter-electrode distance might not change and by which the 
introduced gas is efficiently supplied to the discharge section is formed. Moreover, although not 
illustrated, it has structure which can let cooling water flow. 

[0018] Then, the 13.56MHz RF was supplied to the discharge electrode 3 and the roll mold earth 
electrode 4 with predetermined power through the matching box 1, and the glow plasma was first 
generated under helium ambient atmosphere. Subsequently, hexa methyl disiloxane (HMDSO) is used 
as an organosilicon compound which is a raw material, and it is helium and 02 of the specified quantity. 
The bottom of the pressure of 760Torr(s) was supplied in the plasma from the slit section 22 with gas. 
Supply of HMDSO which is a liquid introduces and carries out bubbling of the helium gas to the 
container 12 into which HMDSO was put from the carrier gas installation tubing 15, and it was made to 
make HMDSO convey by making this helium gas into carrier gas. helium gas under processing, and 02 
The ratio of gas is helium gas from helium gas installation tubing 17, and 02. 02 from the gas 
installation tubing 14 Gas adjusted. Moreover, the film advance rate in the case of film processing was 
made into 0.1 - 0.5 m/min. 

[0019] Pretreatment was performed as follows. That is, the film advance roll 9 was equipped with the 
base material film 16 before performing coating processing like the time of coating, it fixed to the film 
rolling-up roll 10 through the roll 1 1 for tension adjustment, the roll mold earth electrode 4, and the roll 
1 1 for tension adjustment, and the inside of a chamber 5 was enough exhausted to 0.1 Torr extent. 
Subsequently, 02 The gas installation tubing 14 to 02 Gas is introduced by the flow rate of 10ml / min, 
a 13.56MHz RF is supplied with the power of 100W, the plasma is generated, and it is for [ 02 ] 1 
second as film advance rate 0.5 m/min. Plasma treatment was carried out. 
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[0020] After treatment is a film after coating processing with the same approach as pretreatment 02 It 
carried out by carrying out plasma treatment. In addition, in this example, after the film after 
pretreatment rolled round by the film rolling-up roll 10 having carried out hard flow rotation of the film 
advance roll 9 and the film rolling-up roll 10 and rolling it round on the film advance roll 9 again, it 
performed coating processing with the above. Moreover, after treatment was performed similarly. 
[0021] While measuring the amount of oxygen transparency using oxygen transmissometry equipment 
(the product made from MOCON, OX-TRAN100) and evaluating oxygen gas barrier property about the 
sample of the produced gas barrier property film, the amount of steam transparency was measured based 
on JIS-Z0208, and steam barrier property was evaluated. Moreover, total light transmission was 
measured about transparency and permeability evaluated [ 60% or more of thing ] O and less than 40% 
of thing for transparency O, and 40% or more less than 60% of thing as x. 

[0022] The production conditions of the produced sample etc. are shown in Table 3, and a performance- 
evaluation test result is shown in Table 4, drawing 3 , and drawing 4 . Sample No;0 of Table 4 shows the 
gas barrier property of an unsettled PET film for a comparison. Although improvement in gas barrier 
property is accepted when drawing 3 compares the effectiveness of pretreatment and after treatment, 
No. 1-3 were compared and coating processing is performed without pretreating (No.l), the effectiveness 
is small and it turns out that gas barrier property is inferior as compared with No.2 which pretreated. 
From this, it can check that pretreatment is processing effective in improvement in gas barrier property. 
Moreover, in No.3 which performed after treatment, gas barrier property is improving further. 
[0023] Next, in the case (No.3-5) where impression power is changed as other conditions being fixed, 
although the gas barrier property of No.4 which processed by SOW is low, this is because thickness is as 
thin as 20nm. Moreover, in the example (7 No.3, 8) to which the processing time was changed, although 
it reaches No.7 and the gas barrier property of 8 is bad, this is because [ thickness being too thick and 
becoming easy to produce a crack on a front face ] the processing time is long. 
[0024] Next, 02 to introduce When changing a quantity of gas flow (9 No.3, 10), by change of a 
quantity of gas flow, the big change to barrier property was not seen, but all showed good gas barrier 
property. Drawing 4 is 02 to the thickness coated about the sample of No.3-10. And the barrier property 
of a steam is compared. When thickness is 40-60nm, good gas barrier property is shown, but if thickness 
becomes thick more than it, barrier property will fall. Since the film is thick, this is considered to be to 
become easy to produce a crack on a front face, and for barrier property to fall to it. The film thickness 
on which gas barrier property acts effectively from the above result is nearly 40-60nm. 
[0025] 
[Table 3] 
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[0026] 
[Table 4] 
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[0027] 

[Effect of the Invention] According to the approach of this invention, the oxidation silicon film can be 
made to form with sufficient operability comparatively simply with the CVD method using the glow 
plasma generated by atmospheric pressure and the pressure of the near by using the organosilicon 
compound of a liquid as a raw material on the high polymer film. Moreover, by performing suitable 
pretreatment and/or after treatment, it is possible to manufacture the film which was further excellent in 
gas barrier property, and the performance degradation according [ the gas barrier property of these 
films ] to time amount progress is not seen, either. 



[Translation done.] 
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